Objective-To determine the best sites for ambulatory monitoring leads to detect myocardial ischaemia.
measure-Reproducibility of detecting the electrocardiographic ST segment changes with 12 bipolar leads alone or in combination.
Results-The highest reproducibility rate was found in infarcts involving both the anterior and inferior left ventricular walls (80%). The reproducibility decreased as the extent of ventricular wall involvement decreased and was lowest in inferior infarcts (31%) (p < 0001). For large infarcts the detection rate was almost equal for the 12 study leads, whereas disparity between leads increased as the infarct size decreased. The highest overall reproducibility was found in a transthoracic lead (V2, V9R) (76%). This lead was significantly better (p = 0 03) than lead CM5 (50%). When the transthoracic lead was combined with an inferior lead, the reproducibility increased (82%) and was significantly better than the combination of CM5 and an inferior lead (58%) (p = 0 02).
Conclusions-Extensive ischaemic electrocardiographic changes are better detected than smaller ones and anterior infarcts better than inferior. A transthoracic lead (V2, V9R) was significantly better than CM5 both alone and when CM5 and the transthoracic lead were combined with an inferior lead.
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V Rasmussen
Correspondence to Dr C M Jespersen, Osterbrogade 82, DK-2100 Copenhagen 0, Denmark. Accepted for publication 18 November 1991 (Br Heart J 1992; 68:286-90) In an earlier paper' we recommend a modified orthogonal y lead for detection of left ventricular inferior wall ischaemia and the CM5 lead for detection of anterior wall ischaemia. Because the diagnosis of anterior ischaemia is normally based on six precordial leads, it may be that the CM5 lead does not reliably detect small areas of ischaemia in the left ventricle.
To assess the optimal sites for ambulatory leads we compared 12 different bipolar leads in patients recovering from acute myocardial infarction.
Patients and methods Fifty patients with enzymatically confirmed myocardial infarction were consecutively included in the study. We excluded patients with unstable myocardial diseases, arrhythmias, bundle branch block, electrocardiographic indications of ventricular hypertrophy or strain or both, and patients treated with antiarrhythmic drugs or digoxin because these characteristics interfere with the interpretation of the electrocardiogram. The location of the infarct was identified by serial electrocardiographic recordings, and the infarct location was classified according to the following criteria: changes in leads II, III, aVF as inferior; in V1-V3 (V4) as septal; in V4-V6 as apical; in V6, I, and aVL as lateral; in V1-V6 (I, aVL) as extensive; and when changes were seen in both inferior and anterior walls simultaneously as combined. The type of infarction was classifed on the basis of the presence of abnormal Q waves.
The recordings were carried out before discharge, when the patients were in a stable phase. A standard 12 lead electrocardiogram was recorded immediately before the study recordings and was used as a reference. Twelve bipolar leads were studied (table 1, fig 1) . Four leads (1-4) were sagittally orientated, three (5-7) were placed on the anterior aspect of the thorax, three were oblique leads (8-10), one was transversely orientated (11) , and one was a modified inferior lead (12) . Leads 1 1, 12, and 2 corresponded to the orthogonal leads x, y, and z, respectively, and lead 7 corresponded to CM5.
A segment of each lead comprising at least 200 QRS complexes was stored on a TEAC R-71 tape recorder after amplification. The recordings were analysed by a signal averaging program (HIPEC HA 100). Fifty QRS complexes with a cross correlation factor that was greater than or equal to 0 95 were included in each lead. Low and high filter cut offs were set at 40 and 250 Hz, respectively. The averaged QRS complex of each lead was plotted out on a Sweet-p plotter.
ST segment deflection was measured 80 ms after the J point and was considered to be significant (positive) if it was . 0 1 mV. 
Results
Fifty consecutive patients with acute myocardial infarction were enrolled in the study. Six patients were excluded because of bundle branch block (n = 3), atrial fibrillation (n = 1), prior enrolment (n = 1), and unsatisfactory recording (n = 1). The total study population thus consisted of 44 patients. The infarct was inferior in 12, septal in nine, anterior in two, lateral in five, extensive in eight, and combined in eight patients. In 24 (55%) the infarct was a non-Q-wave infarct. When the study recordings were made ST segment deflection was seen in the experimental electrocardiographic leads in 38 (86%). In six patients, two with a non-Q wave and four with a Q wave infarct, ST segment deflection had disappeared at the time of recording. Figure 2 shows the number of significant ST segment deflections in the 12 study leads according to infarct location in patients with persisting ST segment deflections in the experimental electrocardiographic leads. The two patients with apical infarcts are not shown. In these patients, however, ST segment deflections were seen in all study leads except in lead 12 in one patient. Figure 2 shows that the total number of positive recordings varied with the location of the infarct. Figure 3 shows overall frequency of positive recordings according to location of the infarct. The detection rate for combined infarcts was significantly higher than for extensive (p = 0-04), lateral (p = 0 002), septal (p < 0-001), and inferior infarcts (p < 0-001). The detection rate in patients with extensive infarcts was significantly higher than in patients with septal (p < 0 001) and inferior infarcts (p < 0-001) but not in patients with lateral infarcts. The detection rate in patients with lateral infarcts was significantly higher than in patients with septal (p = 0.02) and inferior infarcts (p = 0 008). No significant difference was found between septal and inferior infarcts. Figure 4 shows the overall detection rates of the study leads. The rate was highest for lead 8 (74%). Leads with a detection rate of 50% or less were significantly inferior to lead 8 (50%: p = 0 03; DBP = 24%; 95% CI 3% to 45%).
In five leads (1, 2, 6,8, and 9) the detection rate exceeded 60%. In all these leads, one electrode was located at the V2 or V3 position and all the leads except one were sagittal or oblique leads. The overall detection rate in lead CM5 (lead 7) was 50% and detection rates in all leads with one electrode in the V5 position (3, 7, and 10) were 50% or less. The lowest overall detection rate (39%) was seen in the inferior lead (12) . In patients with inferior infarcts lead 12 was better than CM5, but was surpassed by one sagittal (1) and one oblique lead (9) (fig 2) . The combination of leads 8 and 12 gave a detection rate (82%) that was better than all other combinations. When lead 7 (CM5) was combined with lead 12 the rate was 58%, which was significantly less than leads 8 and 12 combination (p = 0-02; DBP = 24%; 95% CI 8% to 44%). When combined with lead 12, six other leads (1, 2, 4, 5, 6, and 9) detected more ST segment deflections than the lead 7 and 12 combination, but the differences were not statistically significant. For definition of infarcts see text.
*p = 0-02; tp = 0-06; tNS.
large infarcts the detection rate was almost equal in the 12 study leads, whereas an increased disparity was seen as the infarct size decreased. These results accord with earlier studies. In patients with previous myocardial infarction Castellanet et al found a significantly lower detection rate for residual inferior ischaemia compared with residual anterior ischaemia. 2 Fox et al found that the number of leads reflecting myocardial ischaemia increased with the extent and severity of the ischaemia.3 Because oblique and sagittal leads "look" through the heart, and chest leads mainly scan the anterior aspects of the heart, oblique and sagittal leads might be better at detecting ischaemia in deeply located myocardial structures. These statements accord with the present study. We found that an oblique lead with one electrode in the V2 position (lead 8) had the highest detection rate, and was more successful than any other lead in patients with combined, extensive, apical, lateral, and inferior infarcts. In ambulatory monitoring CM5 (lead 7) is usually chosen for detection of anterior ischaemia. In the present study, however, many other leads were better than CM5 in patients with combined, extensive, and septal infarcts, and only in patients with apical or lateral infarcts did CM5 reliably detect ST segment deviations. Compared with other chest leads, only those with a more medially placed electrode were better than CM5. Chest leads had low detection rates in patients with inferior infarcts. The inferior lead (12) probably because they had extensive ischaemia. Before percutaneous transluminal coronary angioplasty in patients with single vessel coronary disease, ambulatory monitoring showed ST segment deviations in 63% of patients; 84% of the deviations were seen in CM5.13 During percutaneous transluminal coronary angioplasty the detection rate was 100% whatever the site of the stenosis.
In four patients no significant ST segment deviations were found in the standard electrocardiogram. In one of them, two sagittal and twooblique leads showed significant deflections, but too few patients were studied for specificity to be calculated.
In ambulatory monitoring, extensive ischaemic electrocardiographic changes are better detected than smaller ones, and anterior changes better than inferior. No single lead or any combination of two leads fully displayed the information given by a standard electrocardiogram. CM5 primarily detected ischaemic changes in the lateral aspects of the left ventricle, whereas septal and inferior changes were partly missed. An oblique bipolar lead was significantly better than CM5, especially in small infarcts. When the oblique lead was combined with an inferior lead the overall detection rate increased and was significantly better than the combination of CM5 and the inferior lead.
